1. Introduction {#sec0005}
===============

Recently, pancreatic surgery has been considered as a complex abdominal surgery, and several improvements in surgical techniques and perioperative care have been distinctly made. Perioperative mortality rate in high-volume centers is 2% [@bib0005]. Despite advances in surgical techniques and perioperative care, pancreatic surgery is still associated with a high perioperative morbidity rate of approximately 50% [@bib0010]. Specific complications following pancreatic surgery include pancreatic fistula, bile leakage, delayed gastric emptying, and postpancreatectomy hemorrhage (PPH), which results in long-term hospitalization.

PPH is a less common but serious complication with an incidence of 1%--8% in all pancreatic surgeries [@bib0015]. Late PPH is a life-threatening complication, which accounts for 11%--38% of the overall mortality. PPH is mainly associated with pancreatic fistula and intra-abdominal abscess [@bib0020]. Therefore, the occurrence of PPH is relatively less following total pancreatectomy compared with other pancreatic surgeries with no pancreatic fistula. We recently experienced a patient with massive gastrointestinal bleeding due to right hepatic artery (RHA) pseudoaneurysm following total remnant pancreatectomy, although no signs of pancreatic fistula, bile leak, and intra-abdominal abscess were detected. We successfully treated the patient using emergency coil embolization, which we report here. This report is compliant with the SCARE criteria and PROCESS guidelines published on case report submissions [@bib0025], [@bib0030].

2. Presentation of case {#sec0010}
=======================

A 71-year-old man was admitted to a local hospital due to repeated episodes of abdominal pain with high serum amylase levels. He was transferred to our hospital for further examination. Abdominal computed tomography (CT) revealed mixed intraductal papillary mucinous neoplasm in the pancreatic body and tail. Distal pancreatectomy and splenectomy were performed to treat the pancreatic tumor. Histopathological examination revealed an intraductal papillary mucinous carcinoma (IPMC). He was discharged from our hospital with an uneventful postoperative course. Three and half years after the operation, abdominal CT revealed the dilation of the main pancreatic duct and a cystic lesion in the pancreatic head. Endoscopic retrograde cholangiopancreatography was performed. Cytological diagnosis of pancreatic juice revealed adenocarcinoma, and he was diagnosed with recurrent IPMC in the remnant pancreas. He underwent total remnant pancreatectomy. Hepatoduodenal ligament skeletonization was also performed to remove neural and lymphatic tissues. Postoperative severe adhesion and fibrosis due to the first operation was seen around the portal vein area. Therefore, blood oozing from dissected peripancreatic tissue and arterial hemorrhage from hepatoduodenal ligament were seen. The procedure took 450 min for completion. The amount of blood loss during the operation was 2528 ml, and 2 units of packed red cell concentrates (RCCs) were transfused. The post-surgery progress was good, and the abdominal drain tube was removed with no sign of anastomotic leak on postoperative day (POD) 6. During hospitalization, he was febrile with elevated white blood cell count, C-reactive protein level, and transaminase levels. CT revealed no remarkable abnormality including intra-abdominal abscess. Therefore, he was diagnosed with postoperative cholangitis and treated with a course of antibiotics. After the cholangitis was controlled, he was discharged from our hospital. After discharge, he had two more episodes of melena and was readmitted because of the diagnosis of gastrointestinal bleeding. Hemoglobin level on the day of hospital readmission was 5.8 g/dL. Upper and lower gastrointestinal endoscopy (GIE) revealed blood clotting and ulcers with no active bleeding. He was transfused with 12 units of packed RCCs, and his hemoglobin levels elevated to 7.3 g/dL. On POD 35, melena stopped, and his hemoglobin level did not decrease. Abdominal CT was also performed and demonstrated RHA pseudoaneurysm with a diameter of 8 mm ([Fig. 1](#fig0005){ref-type="fig"}a). On POD 38, melena was again observed without circulatory disturbance. Abdominal CT revealed that the size of RHA pseudoaneurysm increased to a diameter of 12 mm ([Fig. 1](#fig0005){ref-type="fig"}b). Subsequently, an emergency abdominal angiography was performed, which demonstrated gastrointestinal bleeding due to RHA pseudoaneurysm ([Fig. 2](#fig0010){ref-type="fig"}a). During the angiography, he developed shock with hypotension and tachycardia. He was transfused with 10 units of packed RCCs. The patency from the common hepatic artery to left hepatic artery (LHA) was confirmed, and coil embolization for RHA was performed; consequently, his blood pressure immediately normalized and hepatic perfusion from LHA was confirmed ([Fig. 2](#fig0010){ref-type="fig"}b). He was admitted to the intensive care unit after this procedure. His blood pressure remained stable, and he was moved to a general ward after 3 days. Abdominal CT revealed no extravasation, and he was discharged on POD 51 ([Fig. 3](#fig0015){ref-type="fig"}). He is now being followed up at our hospital, and no evidence of gastrointestinal bleeding has been observed until his last follow-up visit.Fig. 1Abdominal enhanced computed tomography images.(A) Computed tomography revealed a right hepatic pseudoaneurysm of 8-mm diameter (arrow) on postoperative day 34.(B) Computed tomography revealed a right hepatic pseudoaneurysm of 12-mm diameter (arrow) on postoperative day 38.Fig. 1Fig. 2Images of findings before and after endovascular treatment of the right hepatic pseudoaneurysm.(A) Emergency angiogram confirming a pseudoaneurysm emerging from the right hepatic artery to reconstruct the jejunum limb (arrow).(B) Extravasation disappeared (arrow). Blood flow to the liver via the left hepatic artery was confirmed after coil embolization for the right hepatic artery.Fig. 2Fig. 3Clinical course for postoperative days.A total of 22 units of packed red cell concentrates were transfused since readmission.Fig. 3

3. Discussion {#sec0015}
=============

PPH is one of the most lethal complications after pancreatic surgery. The bleeding site of PPH mostly originates from the arterial vessels, mainly due to pseudoaneurysm emerging from the gastroduodenal artery stump, common hepatic artery or tributaries of the superior mesenteric artery. Pseudoaneurysm formation after pancreatic surgery has been correlated with the presence of pancreatic fistula or intra-abdominal abscess [@bib0015], [@bib0020], [@bib0035]. Generally, the enzymatic digestion of the arterial wall is achieved using trypsin, elastase, and other pancreatic enzymes, which are secondary to the pancreatic fistula. Therefore, PPH due to ruptured pseudoaneurysm is a rare condition after total remnant pancreatectomy because of the lack of pancreatic fistula. Thus far, no case report has described a ruptured pseudoaneurysm after total remnant pancreatectomy. A prospective analysis of 1669 patients undergoing pancreatic resection demonstrated the absence of pseudoaneurysm due to PPH during total pancreatectomy [@bib0035]. They also mentioned that PPH prognosis is closely associated with a preceding pancreatic fistula. The present case belongs to grade C PPH due to ruptured pseudoaneurysm according to the International Study Group of Pancreatic Surgery definition [@bib0015], and several reasons for the ruptured pseudoaneurysm were speculated. First, RHA injury during lymphadenectomy might be caused due to severe adhesion and fibrosis. The injury may have caused the formation of pseudoaneurysm. In general, the remnant pancreatectomy may be more difficult than other pancreatic surgeries and lead to higher risk. The surgical dissection of the peripancreatic arterial vessels may cause inapparent arterial wall lesions that mature in the postoperative period. Okuno et al. have reported that a mechanical injury of the artery during operation was mainly due to lymphadenectomy for treating malignancy, which can potentially occur during late PPH [@bib0040]. Second, arterial vessels become fragile because of repeated pancreatitis. Although chronic pancreatitis with pseudoaneurysm is rare, Chiang et al. have reported that pancreatic juice leakage due to repeated inflammation results in the erosion of pancreatic or nearby vessels [@bib0045]. We observed repeated episodes of abdominal pain with high serum amylase levels before initial distal pancreatectomy, which may have resulted because of chronic pancreatitis. Third, we diagnosed cholangitis at the time of elevated inflammatory response after total remnant pancreatectomy; however, microscopic intra-abdominal abscess, which was not detected by abdominal CT, might have existed. Possibly, microscopic intra-abdominal abscess gradually spread and caused the pseudoaneurysm. Although there was no obvious intra-abdominal abscess, we should have followed it up more carefully.

A pseudoaneurysm may be accompanied with pain, discomfort, or occult bleeding, which is known as sentinel bleeding. Sentinel bleeding is an early warning sign and is defined as a drop in the hemoglobin levels to \<1.5 g/dL without hemodynamic instability and followed by another hemorrhagic episode after a symptom-free interval [@bib0050]. Recently, it has been observed in approximately 60%--80% of PPH patients [@bib0055], [@bib0060]. To prevent massive hemorrhage, it is important to adequately manage sentinel bleeding as soon as possible. In early PPH, a small amount of blood in the nasogastric or abdominal drain tube can be easily detected and considered as sentinel bleeding. However, in late PPH, this detection is difficult because of the removal of the nasogastric or abdominal drain tube. In our case, melena was detected, which represents the rupture of RHA pseudoaneurysm, suggesting a communication between RHA pseudoaneurysm and reconstructed jejunum limb. We suspected that melena occurred because of sutured lines of anastomoses or gastric or duodenal ulcers. Therefore, GIE was performed, although the cause of bleeding remained unclear. GIE may be useful in excluding intraluminal bleeding due to ulcers and suture lines. However, if the origin of gastrointestinal bleeding is undetectable, then repeated episodes of melena can be related to sentinel bleeding. In other words, a bleeding pseudoaneurysm in a major visceral artery should be suspected when massive intraluminal bleeding from an unknown origin is encountered, even without any sign of pancreatic fistula and intra-abdominal abscess.

In the case of ruptured pseudoaneurysm, rapid management is required. In such cases, effective therapeutic procedures include endovascular treatment, or immediate laparotomy. However, laparotomy during hemorrhagic shock can have serious complications. Therefore, endovascular treatment such as transcatheter arterial embolization (TAE) or stent graft replacement therapy is likely to be the first choice for temporary control of bleeding, and urgent surgery should be limited to when endovascular treatment fails. In comparison with TAE, stent graft replacement therapy is superior in preserving the hepatic perfusion. In the present case, we confirmed the patency from the common hepatic artery to LHA before coil embolization. Therefore, TAE was performed, and we confirmed the hepatic perfusion from LHA. In general, TAE and stent graft replacement therapy are individually given depending on the involved artery and the vascular anatomy. Recently, stent graft replacement therapy for pseudoaneurysm was covered under public medical insurance in Japan; this therapy is supposed to increase in near future.

4. Conclusion {#sec0020}
=============

We reported a rare case of gastrointestinal bleeding due to RHA pseudoaneurysm following total remnant pancreatectomy. Late PPH from pseudoaneurysm following total pancreatectomy should be taken into consideration even in the absence of previous anastomotic leak or intra-abdominal abscess. It is recognized that endovascular treatment has a significant role to play in the immediate management of PPH. Our case also highlighted that if the origin of bleeding is undetectable, then gastrointestinal bleeding is necessary to recognize sentinel bleeding.
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